Introduction
It must be the objective of every Section of the Royal Society of Medicine to express natural phenomena as far as possible in numerical values and I supposed that this Section was mainly concerned with techniques of measurement. Although special techniques are necessary when making measurements of the newborn, our techniques for the most part are adaptations of well known methods rather than anything new. I understand, however, that this Section is equally concerned with the reasons for making measurements. At the Hammersmith Hospital we have an intensive care unit for the sick newborn and I will briefly outline some general considerations for determining guides to treatment.
The first consideration is the need for multiple measurements. In no circumstance has a single measurement much meaning without another measurement with which to compute it: birth weightperhaps historically the first measurement of the newbornprovides a homely example; by itself it has a certain meaning but not a great deal until one adds the dimension of gestational age. It is a sad reflection that until recently birth weight was simply considered as an alternative and a more accurate measure of gestational age; it was as if one estimated the age of a schoolboy by weighing him. All babies below 2 5 kg were said to be prematurely born. But we now realize that babies can be born small not only because they are premature but also for a number of other reasons, the most important of which is intrauterine malnutrition. This is of more than theoretical interest. Babies born small for any reason are at greater risk than babies of normal birth weight but the disorders which afflict a prematurely born are very different from those that occur in the mal-nourished. Measurements of both birth weight and gestational age enable one to predict what is likely to happen and in many cases to take preventive action. Gestational age is not always known accurately but may be checked in several different ways. The fcetal brain is the last organ to show growth retardation in cases of intrauterine malnutrition just as it is the last organ to lose weight in postnatal starvation and it is therefore not surprising that cerebral function at birth seems to be more closely related to gestational age than to birth weight. Roger Robinson in our department has devised a simple examination which enables one to assess gestational age by testing a few neonatal automatisms. To do this he had to study a great number of these automatisms and discard those which are either consistently present from the earliest months of gestation or which were too unreliable to be of value. The electroencephalogram is also helpful in the assessment of gestational age. Hobbs and Davis at Hammersmith have shown that the level of yG globulin in the newborn (acquired by active placental transfer from the mother) bears a closer relationship to gestational age than to birth weight. It is worth while emphasizing these points since other measurements such as bone age have been shown to be affected by intrauterine nutrition. But another reason for multiple measurements in the sick newborn lies in the fact that each bodily system appears even under normal circumstances to operate near the peak of its physiological capacity: thus no system can compensate for another under stress. For instance, the cardiac output is not far from its maximum, so is renal output. This explains the curious but, in the newborn, commonplace event of a combined respiratory and metabolic acidosis in which neither lung nor kidney can compensate for each other's failure. Therefore in studying the newborn a multidisciplinary approach is neededperhaps a justification for pediatricians having remained general physicians.
The second consideration is the need for frequent or even continuous measurements: the first few days, nay, hours and minutes of a newborn baby's life are packed with events in which each bodily system is adjusting itself to a sudden change of environment. A measurement normal just after birth may not be so a few hours later. In this dynamic situation any measurement has to be considered in relation to the extra dimension of time which is of obvious importance when it comes to establishing standards of normality.
The third consideration, one which has an important bearing on technique, is the small size of the patient, which makes some measurements easier; others, involving the whole baby, have to be more accurately carried out than in the adult if the percentage error is to be the same and any measurements involving samples oftissue or secretions have to be done by micro or ultramicro methods.
Finally, here are two examples in the newborn of the oft repeated adage that whereas all science is measurement not all measurement is science. The crown-heel length of the newborn, carried out usually with a tape measure (sometimes extensible) held alongside a slippery, curvaceous creature whose normal flexor tone prevents full passive extension of the thighs or legs, is a measurement not calculated to add significantly to the sum total of human knowledge. On quite another plane I would cite the Apgar score: Dr Virginia Apgar deserves and has received honour for establishing some order and sense into the assessment of the state of the newborn baby; her assessment involves the observation of five variables at a definite time after full delivery of the infant; to each of these variables she attaches a numerical value 0, 1 or 2 and then, unfortunately, she adds them up. Thus a robust baby would score 10, the stillborn 0. We believe that the adding up of these figures results in a loss of information. Dr Jagdish Gupta, working at the Hammersmith Hospital, has found that the Apgar score is of little value in determining the immediate consequence of birth apnoea, that is to say, whether the baby is going to recover spontaneously or need artificial respiration. None of the individual items in themselves is of great predictive value; on the other hand changes in pulse rate are of considerable predictive valuea spontaneously accelerating pulse rate always meaning that the baby will breathe spontaneously. This illustrates the importance of continuous or frequently repeated measurement and the most important measuring device on our resuscitation trolley is a large clock.
It is not always realized that half of all the mortality of childhood takes place in the first week of life. Clearly, as with all disease, one aims at prevention but we have neither the theoretical knowledge nor the practical possibility of preventing much neonatal disease. For instance, we do not know exactly why babies are ever born let alone why they are sometimes born prematurely. However, we can often manipulate the newborn baby's environment to mitigate the worst effects of unfavourable intrauterine life or delivery. To do this, precise measurements are necessary.
It is sometimes asked if the ill newborn baby can withstand all this investigation: the real problem is whether he can stand not being investigated.
Research and clinical care are closely linked. For instance, blood gas measurements are now a matter of routine in our department but cannot be done in every neonatal unit for lack of a sufficient number of skilled doctors to provide a 24-hour service; our research fellows assist the residents in providing this clinical service. It raises the question of the extent to which the care ofseriously ill newborn babies should be centralized. The External Environment of the Newborn Baby In the Claude Bernard sense the newborn baby is not as free living as the adult in that the internal environment is more affected by the external environment. This is true of the healthy baby and even more obvious in the sick or premature baby. In the womb the external environment is automatically controlled but in the outside world it is not; so we have to arrange a suitable environment for the baby, which involves two sets of measurements: measurements of the physical properties of the environment and concomitant measurements of the effect in the baby in order to manipulate the external environment in a reasonable and useful way.
Among factors in the external environment of the newborn are the following: light, noise, bacteria, food, humidity, gases and heat, not to mention emotion. Because time is limited I shall discuss only gaseous environment, humidity and thermal environment.
Gaseous Environment
For all practical purposes the only gases in the environment of a normal baby that need to be measured are oxygen (02) and carbon dioxide (CO2). However, it is true that irn the confihed
